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Hutchison, D. C. S., Barter, C. E., and Martelli, N. A. (1973) . Thorax, 28, [584] [585] [586] [587] . Errors in the measurement of vital capacity: a comparison of three methods in normal subjects and in patients with pulmonary emphysema. Three methods of measuring the vital capacity have been compared in six normal subjects and in six with pulmonary emphysema, according to a randomized design. The methods were (a) the inspiratory vital capacity (IVC), (b) the expiratory vital capacity (EVC), and (c) the forced vital capacity (FVC).
In normal subjects, there was a small but significant difference between the methods. The residual standard deviation derived from analysis of variance was 94 ml (coefficient of variation 1.7 %). A slight but significant rise in vital capacity with repeated effort was observed.
In emphysematous subjects, there was no significant difference between the IVC and EVC methods. The FVC gave values which were, on average, approximately 0.5 litre less than those obtained by the other methods. The standard deviation in all three methods was substantially greater than for the normal subjects.
The FVC is not a suitable method for the measurement of vital capacity in patients with pulmonary emphysema. The EVC is satisfactory, provided it is used with caution, but in practice the IVC is the preferred method. Hutchinson (1846) defined the vital capacity as the volume of gas displaced from the lungs by the 'greatest voluntary expiration following the deepest inspiration', and although this is probably the method most commonly used, the procedure is not infrequently carried out in the reverse order. There seems no obvious reason why the two methods should yield differing results, provided that the manoeuvres are performed without undue speed. It has become common practice, however, to make the measurement at the same time as the forced expiratory volume, though this procedure may underestimate the true vital capacity in subjects with severe airflow obstruction (Gilson and HughJones, 1949 (FEVy) and vital capacity within the expected normal range.
Normal values were obtained from Cotes (1968) .
The six emphysematous subjects (El to E6) all suffered from severe dyspnoea on exertion; in all six, attenuation of the peripheral pulmonary vessels (Laws and Heard, 1962) was observed on the chest radiograph, and the FEV1 and the single-breath transfer factor for carbon monoxide (TF) were considerably less than the expected values (Table I) . In patients El, E3, E4, and E6, emphysema was associated with at-antitrypsin deficiency; these correspond to patients 4, 5, 7, and 6 respectively of a previous report (Hutchison et al., 1971) . The nature and purpose of the procedure were explained to each patient. LABORATORY METHODS The spirometer conformed to 584 Table II . The standard deviations for all three methods were significantly greater than in the normal subjects; this effect was apparently greater for the FVC, though the range of values was particularly large in one patient (E5). Analysis of variance showed that there was a highly significant difference between the methods (P<OO1); there was no significant regression of volume on time. There was a significant patientmethod interaction (P<005) showing that the differences between the methods were not consistent from patient to patient, an effect largely due to patient E3. The results in individual patients were therefore analysed in greater detail.
The values for the three methods in each patient are shown diagrammatically in the Figure. The rank order was more consistent than in the normal subjects, the IVC being the greatest (or equal greatest) and the FVC the smallest, in five subjects.
The rank order was reversed in subject E3, though in this particular case there was no significant difference between the three methods.
In view of the apparent similarity between the IVC and the EVC, these two methods were compared by the t test in each emphysematous individual, no 
DISCUSSION
The most important finding to emerge from this study was the extent to which the FVC method may underestimate the vital capacity in patients with severe emphysema, when compared with either of the 'slow' methods, the IVC and EVC, the results of which were much alike. The reproducibility of all methods was poor in the patients with emphysema, as compared with the normal subjects. The discrepancies between the methods in normal subjects were very small and the residual standard deviation derived from the analysis of variance was 94 ml. This figure is very similar to that obtained by Gilson and Hugh-Jones (1949) and by Dawson (1966) , and is not a great deal larger than the error of the method. A fourth variation in which the vital capacity is obtained from the sum of the separately measured inspiratory capacity and expiratory reserve volume has not been considered in this report.
The vital capacity has been measured in normal subjects by a number of authors in order to develop regression equations for the prediction of normal values. Needham, Rogan, and McDonald (1954) and Berglund et al. (1963) measured both EVC and FVC and chose the larger value in each subject. Kory, Callahan, Boren, and Syner (1961) measured vital capacity by all three methods but based their equations upon the 'slow' methods, having found a very high degree of correlation between the EVC and the IVC; these methods were not compared with the FVC, however. The FVC was used by Miller, Johnson, and Wu (1959) to establish normal values for the ratio of forced expiratory volume to vital capacity (FEV/FVC), which is widely used as an index -of airflow obstruction. We are not aware that any systemic comparison of the three methods has appeared in the literature, but in normal subjects the results presented here suggest that the differences between the methods are relatively slight and that the use of the FVC as a measurement of vital capacity is not likely to lead to serious errors. In pulmonary emphysema, there would be little to choose between the IVC and the EVC provided that the latter test is not performed too quickly; in practice, however, this may be difficult to prevent, so that the IVC seems to be the preferable method if there is any possibility of emphysema being present.
The volume of gas within the lungs at the limit of inspiration (that is, at total lung capacity) is that present when the 'sum of the elastic recoils of the lung and of the thoracic cage is equal and opposite to the maximum inspiratory effort' (Cotes, 1968) ; the volume at the limit of expiration (residual volume) is determined by the balance between the forces maintaining airway patency (the recoil pressure and the intraluminal pressure) and the intrapleural pressure, which tends to produce airway closure. An increase in voluntary effort applied near to full inspiration may therefore increase the measured vital capacity but may actually reduce it when applied near to full expiration. During the FVC, the rapid imposition of a high positive intrapleural pressure may bring about closure of lung units which would otherwise remain patent, and it seems clear that neither the FVC nor the FEV/FVC can be valid or reproducible measurements in patients with pulmonary emphysema. A warning to this effect was given by Gilson and Hugh-Jones (1949) , who pointed out that 'a very rapid expiration may give a figure for the vital capacity which is too low'. The warning was repeated by Gandevia and Hugh-Jones (1957) and again by Cotes (1968) , who suggested that the IVC is the preferred method in patients with lung disease. The FVC continues to be widely used, however, particularly to estab-lish the ratio FEV/FVC, and the assumption that the FVC is uninfluenced by airflow obstruction is not true of severe emphysema on the evidence of the present study. The validity of the FVC in other types of airflow obstruction, moreover, has yet to be demonstrated.
It has been common practice, following the example of Hutchinson (1846) , to record the largest value from any series of successive measurements as the true vital capacity, on the ground that a lack of voluntary effort is the only limiting factor; Gilson and Hugh-)ones (1949) pointed out that by this procedure other sources of error were ignored, and that use of the mean value was therefore more logical. It is clear, furthermore, that in some circumstances an increase in voluntary effort may actually produce a smaller result. Because of the large standard error found in emphysema, even with the more satisfactory 'slow' methods, it might prove more useful to take the mean rather than the largest value as the final result, particularly as this is already common practice with other subdivisions of the total lung capacity. 
